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Abstract

Introduction
45
Starch is the main carbohydrate material in human nutrition and also has a wide 46 range of industrial applications (Lehmann & Robin, 2007) . The digestion rate strongly depends on processing and the state of the starch (Lehmann et al., 2007; Wolever, 4 and 20 ~ 25%, respectively, of the dry matter. In the species Pisum sativum L., two properties of wrinkled and smooth pea starches are the subject of the present study.
74
Starch is a homopolymer of anhydroglucose, with α-D-glucopyranosyl monomeric 
Starch isolation
116
Starch was extracted using the method of Beta, Corke, Rooney and Taylor (2001) .
117
Wrinkled pea (1000 g) was steeped in 2000 mL of water at room temperature for 24 h.
118
The steeped pea was washed and ground with an equal volume of water. The slurry 
In-vitro digestion with porcine pancreas α-amylase
139
The digestion properties were analyzed using the method of Zhang and Hamaker
140
(1998) with some modifications. Starch (50 mg) with 10 mL phosphate buffer (0.2 M, 141 pH 6.9) was cooked in a boiling water bath for 30 min. The solution was equilibrated mixed with 3 mL 95% ethanol to deactivate the enzyme. 3 mL of dinitrosalicylic acid 146 (DNS) reagent was then added. Samples were then placed in boiling water for 15 min.
147
The absorbance at 550 nm of the solution was then evaluated using a spectrometer 148 (Model 722sp, Shanghai LengGuang Tech. Ltd., China). The maltose content was 149 determined from a calibration curve obtained using known amounts of maltose against 150 their corresponding absorbance. Maltose is not the only product produced by 151 α-amylase: Jane and Robyt (1984) showed that the products of starch hydrolysis of 152 porcine pancreatic α-amylase are mainly maltose, maltotriose and maltotetraose. In 153 this study, the content of the dominant product, maltose, was used to represent the 154 digestibility profiles. 
In-vitro digestion with pancreatin and amyloglucosidase
156
The digestion properties of starch samples were analyzed using the method of 157 Englyst, Kingman and Cummings (1992) with modifications. The enzyme solution 158 was prepared by suspending pancreatin (2.25 g, 8×USP) in sodium acetate buffer (7.5 159 mL, 0.1 M, pH 5.0) with magnetic stirring for 30 min, and then centrifuged for 10 min 160 at 1500 g. The supernatant was transferred into a beaker and mixed with 0.75 mL of 161 amyloglucosidase (300 U/mL) before use. Starch (300 mg) with 10 mL of sodium 162 acetate buffer (0.1 M, pH 5.0) was cooked in a boiling water bath for 30 min, 
186
The SEC weight CLDs of debranched starch samples were determined using an 
Wide-angle X-ray diffraction patterns
213
A D/Max-2200 X-ray diffractometer (Rigaku Denki Co., Tokyo, Japan) was used to 214 obtain X-ray diffractograms. Cu Kα radiation at 44 kV and 26 mA was applied.
215
Before analysis, starch samples were equilibrated in a sealed desiccator with water at 
Nuclear magnetic resonance spectroscopy (NMR)
1 H NMR analyses of starch samples were performed using a Varian Unity Inova 222 300 MHz NMR spectrometer (Varian Inc., USA) using the method of Tizzotti,
223
Sweedman, Tang, Schaefer and Gilbert (2011) 
257
To further evaluate the release of glucose from enzymatically treated starch, 258 samples were incubated with a combination of pancreatin and amyloglucosidase.
259
Pancreatin α-amylase itself has no debranching activity and can only cleave α-(1⟶4) 
269
The resistant starch contents of enzymatically treated starches were also increased.
270
These results show that enzymatically treated starches are significantly different from 271 their native starches, with slower digestion properties. 
CLDs
273
The SEC weight CLDs of native pea starches and their derivatives subjected to reporting the impacts of β-amylase and transglucosidase on amylose fine structure. iodine binding values of smooth pea samples were higher than those of wrinkled pea.
338
As the chain length of starch decreased after β-amylase treatment or the combination lower than that of starches with β-amylase by 0.8 and 5.5%, respectively. Ao et al.
371
(2007) reported the situation in normal maize starch was similar to that in pea starch.
372
The level of crystallinity is largely controlled by the chain lengths of the amylopectin 373 molecules (Hizukuri, 1985; Witt, Doutch, Gilbert, & Gilbert, 2012) . High crystallinity 374 is related to a higher amount of short chains ( Figure 2B, C) 
Degree of branching of native and enzymatically modified starches
382
The degrees of branching (DBs) from 1 H NMR spectroscopy are presented in Table 2 .
383
The DB values of WP and SP starches are 4.76 and 5.66% respectively. The DB of 384 starch is the inverse of the number-average chain length, X de (R h ), and can be 
Conclusions
428
This study shows that β-amylase alone and the combination of β-amylase and amylopectin with a higher proportion of short chains, the amylopectin structure itself 433 slows enzymatic digestion due to its higher branch density and short chain length,
434
which are more difficult for the amyloytic enzymes to digest. 
656
The degree of branching was significantly increased after enzymatic 657 treatment.
658
Starch treated by dual enzymes showed a larger amount of short 659 amylopectin chains. 
